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Abstract The knee is one of the most studied anatomical structures by magnetic resonance 
imaging (MRI). Bone abnormalities are very frequently detected, whether or not related to the 
symptoms for which imaging was indicated. The aim of this pictorial study is to review the most 
commonly observed bone abnormalities of the knee, bearing in mind that the interpretation of 
MR images should always take into consideration both clinical and laboratory data, as well as 
the results of conventional X-ray imaging.The knee is one of the most studied anatomical structures by magnetic resonance imaging
(MRI). Bone abnormalities are therefore detected very frequently, whether or not related
to the symptoms for which imaging was indicated. We propose to describe the MRI features
of these abnormalities based on how they affect the gross anatomy of long bones. Our
article is therefore divided into three sections successively describing abnormalities of
the trabecular bone, cortical bone, and periosteum. Albeit artiﬁcial, this classiﬁcation is
intended to help in the understanding of such knee abnormalities. Joint abnormalities will
not be addressed in this review.
∗ Corresponding author.
E-mail address: mariefaruch@hotmail.com (M. Faruch Bilfeld).
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Figure 1. Post-traumatic epiphyseal edema following knee injury
with an anterior cruciate ligament tear. Edema of the anterior
portion of the lateral femoral condyle with inﬁltration observed
as a hypointense signal on T1-weighted images (a) and high signal
intensity on fat-saturated T2-weighted images (b). The borders of
the edema are imprecise and irregular without a clear demarcation
line. The edema of the anterior femoral condyle (arrow) is mir-
r
A
N
f
i
t
o
s
f
d
i
T2-weighted images, linear hypointensities are observed inonditions affecting trabecular bone
onditions that mainly affect trabecular bone can be further
lassiﬁed into 4 groups based on their MRI features: epiphy-
eal edema, epiphyseal necrosis, replacement of trabecular
one, and abnormal bony trabeculae.
piphseal edema
piphyseal edema is a MRI feature which does not reﬂect
real histopathological situation [1]; it is not observed
ith other imaging modalities such as radiography, com-
uted tomography (CT), or ultrasound. On MR images, bone
dema is deﬁned by the presence of hypointense inﬁltration
n T1-weighted images and clear high signal intensity on
at-saturated T2-weighted sequences that is enhanced fol-
owing injection of gadolinium chelates [2]. The edema is not
elimited by a radiolucent demarcation line, and the signal
bnormalities have unclear contours [3] (Fig. 1). Epiphsyeal
dema is generally associated with one of the four following
nderlying situations: bone bruising, subchondral fracture,
omplex regional pain syndrome and degenerative disease.
piphyseal edema is a reversible condition; the length of
ime before restitutio ad integrum being variable [4].
ost-traumatic edema
ost-traumatic epiphyseal edema occurs following direct
r indirect trauma. It is an important feature because it
eﬂects the related injury mechanism [5,6] (Fig. 2). The
ntensity of the injury can be evaluated based on the extent
f edema (Fig. 3). Spontaneous resorption of the edema is
enerally observed, with varying time courses reported in
he literature before complete disappearance [7,8].
dema associated with subchondral fractures
tress fractures occur when the workload placed on the
one is repeatedly greater than the bone can bear. There are
wo main kinds of stress fracture: fatigue fractures caused
y overuse of structurally normal bone, and insufﬁciency
igure 2. Edema localization and spread reﬂects the mechanism of in
f the femoral condyle and tibial plateau reﬂecting injury by hyperexten
nd the lateral femoral condyle reﬂecting patellar dislocation.
t
s
sored by an edema of the posterior tibial plateau, which suggests
CL injury due to excessive anterior tibial translation (arrow blue).
ote the anterior tilt of the posterior horn of the meniscus (*).
ractures that occur when the bone is weakened, generally
n a patients with osteoporosis [9]. Stress fractures occur in
he absence of a traumatic event and are localized in 60%
f cases on the medial femoral condyle [10]. Recovery from
tress fractures is spontaneous [4].
MRI ﬁndings are identical for insufﬁciency fractures and
atigue fractures [11]. Edema is maximal in the subchon-
ral region and decreases gradually towards the metaphysis;
t is not delimited by a demarcation line [3]. On T1- andjury (arrows): a: mirrored edema pattern in the anterior portions
sion; b: mirrored edema pattern in the medial facet of the patella
he zone of impact on the epiphysis [12]. Each fracture line
tems from a single point and can occur anywhere on the
ubchondral bone [3] (Fig. 4).
Figure 3. The extent of edema reﬂects the intensity of injury:
a: PD fat-saturated image in the sagittal plane. Mirrored pattern of
relatively localized and limited high signal intensity in the anterior
femoral condyle and the posterior tibial plateau reﬂecting low-
intensity injury; b: PD fat-saturated image in the sagittal plane.
Mirrored pattern of extensive high signal intensity in the anterior
Figure 5. Type 1 complex regional pain syndrome: a: lateral
radiograph of the knee reveals ‘‘patchy’’ bone demineralization; b:
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line excluding a zone of abnormal bone. Epiphysealfemoral condyle and the posterior tibial plateau reﬂecting high-
intensity injury.
Edema associated with type 1 complex
regional pain syndrome
Type 1 complex regional pain syndrome (CRPS) is a poly-
morphic condition of unknown etiology; it is triggered by
trauma in only 50% of cases. The main symptom of CRPS
is locoregional pain associated with trophic disorders and
increased skin sensitivity to touch. No abnormal laboratory
values are detected. This syndrome can resolve sponta-
neously within 6—12 months without sequelae [13]. X-ray
and CT scans show disparate increased radiolucency with
bone that appears ‘‘patchy’’ mostly in the subchondral
region (Fig. 5). However, the appearance of these radio-
graphic features is delayed compared with the onset of
symptoms [14]. MR imaging demonstrates the presence of
non-speciﬁc epiphyseal edema which precedes the bone
demineralization observed on radiographs. Partial or dif-
fuse edema may be observed but it is characterized in
CRPS by its migration between successive imaging visits [13]
(Fig. 6).
n
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Figure 4. Subchondral fracture of the medial femoral condyle. T1-we
plane. The arrow shows a linear hypo-intensity on both T1- and T2-we
reﬂects impact on the epiphysis.T image of the knee in the transverse plane shows heterogeneous
emineralization of the distal femoral epiphysis.
dema associated with cartilage lesions
piphyseal edema is often a feature associated with focal
r widespread cartilage lesions. In such cases, edema is
aused by progressive cartilage damage and is generally
ymptomatic [15,16] (Fig. 7).
However, it is important to note that not all imaging
bnormalities observed in the epiphysis are disease-related.
ndeed, in young subjects, red marrow islands may been
een to persist within the metaphysis region and appear
s poorly delimited signal abnormalities which are discrete
nd hyperintense on T2-weighted images and hypointense
n T1-weighted images [17] (Fig. 8).
piphyseal necrosis
nlike edema, epiphyseal necrosis causes irreversible
amage [18]. Imaging shows a radiolucent demarcationecrosis occurs in two distinct clinical situations: sponta-
eous/mechanical osteonecrosis and systemic osteonecro-
is.
ighted image (a) and PD fat-suppressed image (b) in the coronal
ighted images stemming from a single subchondral location that
Figure 6. Type 1 complex regional pain syndrome: a: edema of the medial femoral condyle on PD fat-suppressed image in the coronal
plane; b: 3 months later, the edema has migrated to the lateral femoral condyle.
Figure 7. Epiphyseal edema associated with focal cartilaginous
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appear deformed, there are areas of hypointense signal on
F
elceration (arrow) of the lateral femoral condyle; PD fat-suppressed
mage in the coronal plane.
pontaneous osteonecrosis
pontaneous osteonecrosis is due to repeated stress
icrofractures that cause ischemia. It is most often
bserved in elderly subjects within the weight-bearing area
f the medial femoral condyle. Patient questioning suggests
sudden onset, without contributing metabolic factors [19].
Radiographic features are often normal in the earlytages, then show subchondral abnormalities representing
one collapse: subchondral dissection followed by dam-
ge to the articular surface [2] (Fig. 9). Knee MRI shows
T
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igure 9. Radiographic features of spontaneous necrosis: a: subchond
piphysis margins on the lateral femoral condyle reﬂecting bone collapsigure 8. Red marrow islands in the metaphysis region showing
light high signal intensity on the PD fat-suppressed image (a) and
ypointensity on the T1-weighted image (b).
piphyseal edema in the subchondral region that is not
elimited by a radiolucent line, combined with ﬁssure lines
hat make the condition difﬁcult to differentiate from
ubchondral fracturing [3] (Fig. 10). Spontaneous necrosis
s probable when ﬁssures are observed at some distance
rom subchondral bone, the margins of the epiphysis2-weighted images (thickness > 4mm or length > 14mm),
nd subchondral bone is not enhanced following gadolinium
helate injection [2,4,20].
ral dissection of the medial femoral condyle (arrow); b: deformed
e (arrow).
Figure 10. Necrosis of the medial femoral condyle, T1-weighted
image (a) and PD fat-suppressed image (b) in the coronal plane.
Note the width of the hypointense necrotic fragment (arrow) on
the T1-weighted image and the heterogeneous aspect on the PD
Figure 11. a: systemic osteonecrosis of the epiphysis, T1-
weighted image in the sagittal plane; b and c: systemic
osteonecrosis of the metaphysis, T1-weighted image (a) and PD fat-
suppressed image (b) in the sagittal plane. Note the heterogeneous
aspect of the bone tissue within the demarcation line that reﬂects
bone collapse.
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Systemic osteonecrosis
The clinical background for systemic ostenecrosis differs
from that of spontaneous osteonecrosis because the condi-
tion is observed in subjects at risk (alcoholism, sickle cell
anemia, hyperuricemia, hypercorticism, etc.). Necrosis is
frequently bilateral and observed in the epiphysis or the
metaphysis [21].
MRI features are typical with a double line sign (inner
hyperintense signal and outer hypointense signal) on T2-
weighted images which is thought to be due to a ‘‘chemical
shift’’ artifact [18] (Fig. 11). The signal of the zone of
necrotic bone can vary, the signs of collapse being inhomo-
geneous areas on both T2- and T1-weighted images [22].
Using radiography, there is a signiﬁcant delay between bone
infarct onset and development of radiographic features such
as calciﬁed infarct and a radiolucent rim [3].
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Figure 12. Primary lymphoma of bone: a: CT image in the coronal pl
b, c: MR imaging shows inﬁltrated tumoral tissue as a hypointense signa
gadolinium chelate (c).eplacement of cancellous bone
his set of clinical entities is characterized by a localized
eplacement of normal cancellous bone tissue by another
issue type. They include neoplastic lesions, both benign and
alignant, as well as infectious conditions with intraosseous
bscess (Figs. 12 and 13). One of the goals of imaging is to
etermine the nature of the replacement tissue: bony, car-
ilaginous, liquid, etc. (Fig. 14). In the majority of cases,
he border between normal cancellous bone tissue and the
eplacement tissue are clearly demarcated. However, the
maging features of neoplastic diseases do not always reveal
replacement of cancellous bone. For example, the MRI
mages of children with leukemia show bone lesions as meta-
hyseal lucent bands (‘‘leukemia lines’’) which seem to be
ane shows medullary invasion with preservation of cortical bone;
l on T1-weighted images (b) that enhances following injection of
Figure 13. Brodie abscess in the distal femoral metaphysis: a: CT image in the coronal plane shows central osteolysis delimited by a sharp
rim; b, c: MR images in the coronal plane show a metaphyseal collection of low signal intensity on T1-weighted images (b) and high signal
intensity on STIR images (c).
Figure 14. Femoral endochondroma. The cartilaginous nature of the lesion is suspected based on the cartilaginous calciﬁcations observed
on CT scan (a), a clear high signal intensity on T2-weighted images (b) and the ring-and-arch pattern with contrast enhancement (c).
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due to local changes in the growth of endochondral bone
23] (Fig. 15).
bnormal bony trabeculae
hanges to the bony trabecular structure are characte-
ized by altered bone architecture related to a metabolic
one disorder. Paget’s disease is the most typical exam-
le and is characterized by excessive bone remodeling
hat results in alternating cycles of bone resorption and
ntensive bone reconstruction [24]. The MRI features of
aget’s disease are coarser, sparser and disorganized tra-
eculae with persisting areas of fat density between the
rabeculae, a thickening of cortical bone and deformed and
nlarged bones (Fig. 16). Abnormal bony trabeculae are also
bserved in patients with hemoglobin related diseases and
ndocrinopathies.
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aonditions affecting cortical bone
ortical bone abnormalities are less frequent than trabe-
ular defects.
raumatic lesions of cortical bone
uch lesions are evidence of ligament or tendon avulsion
25]. When detected, further investigation can be carried
ut to determine the related ligament, tendon or menis-
al damage [26]. The most typical example of cortical bone
amage is the avulsion of the cruciate ligaments from the
ibial eminence [27] (Fig. 17). Anterior cruciate ligament
vulsion fractures generally occur on hyperextension or
yperﬂexion of the knee with internal tibial torsion. Such
vulsion fractures are frequently associated with injury to
he meniscus, internal and external collateral ligaments
nd posterior cruciate ligament. The Segond fracture has
Figure 15. Acute leukemia in a 5-year-old child: clear lucent
bands in the metaphysis (arrow).
Figure 16. Paget’s disease: a: Paget’s disease of the distal femur.
CT scan showing the thickened, coarser aspect of bony trabeculae
and reduced trabecular density; b: Paget’s disease of the patella.
T1-weighted MR image shows a signal within the bone marrow of
fatty density (intense signal on T1-weighted images), with hyper-
Figure 17. a: avulsion fracture of the anterior tibial eminence
on an anteroposterior radiograph; b: T1-weighted MR image in the
sagittal plane showing a thickened, loose anterior cruciate ligament
attached to the avulsed bone fragment (arrow).
Figure 18. Segond fracture: a: anteroposterior radiograph show-
ing avulsion of the lateral tibial plateau (arrow); b, c: PD
fat-suppressed MR image in the coronal plane (b) and ultrasound
(c) showing the thickened anterolateral ligament attached to the
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causing insomnia and is generally relieved by aspirin [32].
Radiography and CT scans reveal a lacuna measuring lesstrophic bony trabeculation.
recently aroused interest because related to the anterolat-
eral ligament [28,29]. It is probably an avulsion fracture of
the lateral tibial plateau caused by pulling on the antero-
lateral ligament (Fig. 18). It occurs as a result of internal
t
cvulsed bone fragment (arrows).
otation and varus stress and is very frequently associated
ith anterior cruciate ligament injury [30,31].
umors of cortical bone
t is important to be able to recognize typical cortical bone
esions.
Osteoid osteoma is a benign tumor seen in children and
oung adults with typical clinical signs and imaging ﬁndings.
atients experience daily pain that increases at nighthan 1 cm called a ‘‘nidus’’ that can sometimes contain a
entral calciﬁcation surrounded by a cortical osteosclerotic
Figure 19. Osteoid osteoma of the tibia: a: CT scan shows a
lacuna of the cortex, or ‘‘nidus’’ (arrow); b: the nidus is enhanced
(arrow) on fat-saturated T1-weighted images following gadolinium
chelate injection.
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Figure 20. Nonossifying ﬁbroma of the distal femur. Anteroposte-
rior radiograph (a) and CT scan (b) shows an oval-shaped osteolytic
lesion of cortical bone, with peripheral osteosclerosis. The lesion
main axis is parallel to the axis of the diaphysis.
Figure 21. Subperiosteal abscess of the femoral metaphysis: a:
STIR-weighted MR image in the sagittal plane showing subperiosteal
liquid collection. Note how the periosteum is represented by a
hypointense signal (arrow); b: ultrasound imaging showing a hypoe-
choic collection contiguous to cortical bone.
p
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feaction (Fig. 19). On MR images, the nidus shows up as a
ypointense signal on all sequences and is associated with
igniﬁcant edema of the bone and soft tissue. Dynamic
adolinium-enhanced MR imaging shows peak enhancement
t the arterial phase with a very fast wash-out [33].
Nonossifying ﬁbroma (NOF) is a benign bone lesion that
ffects 30—40% of children and adolescents. It is generally
symptomatic and discovered as an incidental ﬁnding. NOF
an be diagnosed based only on radiographic ﬁndings which
eveal cortical off-center oval-shaped lacuna with a sharply
emarcated rim and a main axis parallel to that of the diaph-
sis (Fig. 20). Most NOFs require no treatment or monitoring
32].
onditions affecting the periosteum
he periosteum is membrane covering the outer surface of
ll bones except at the articular surfaces. It is composed
f an inner cellular layer and an outer ﬁbrous layer that
nable intramembranous osteogenesis during growth and in
dults. Under normal conditions, the periosteum cannot be
isualized by imaging. However, some pathological condi-
ions can cause the periosteum to detach from the bone, for
xample pediatric osteoarticular infections or subperiosteal
ematoma [34] (Fig. 21).
m
n
l
rPeriosteal reaction is a non-speciﬁc response of the
eriosteum to aggression by bone formation. The inten-
ity of periosteal reaction depends on the time course of
ggression. Continuous periosteal reaction, with or without
reservation of the cortical surface, can be distinguished
rom interrupted periosteal reaction that is indicative of a
ore aggressive lesion [35]. Periosteal reaction does not
ecessarily reﬂect a neoplastic process; long bone hair-
ine fractures and osteomyelitis can also result in periosteal
eaction (Fig. 22).
Take-home messages
• Prior knowledge of a patient’s clinical background
and laboratory values is important prior to imaging
studies of the knee.
• Conventional radiography is still essential. MRI
should be used as a second-intention tool for more
detailed imaging of the lesions.
• Edema observed on MRI generally precedes abnormal
ﬁndings using conventional radiography.
• Edema resulting from fatigue fractures or bone
weakness is maximal in the subchondral region and
decreases gradually towards the metaphysis, but is
not demarcated by a radiolucent line. It is associated
with linear hypointensities on T1- and T2-weighted
images. Unlike osteonecrosis, each fracture line
stems from a single point and can occur anywhere
on the subchondral bone.
• Findings in favor of spontaneous necrosis: ﬁssures
observed at some distance from subchondral bone,
the margins of the epiphysis appear deformed, there
are areas of hypointense signal on T2-weighted
images (thickness > 4mm or length > 14mm), and
subchondral bone is not enhanced following
gadolinium chelate injection.
• The diagnosis of neoplastic, infectious and metabolic
diseases also beneﬁts from comparison with
Figure 22. Subacute osteomyelitis of the femur: a: anteropos-
terior radiograph shows continuous periosteal reaction (arrow); b:
CT image in the transverse plane shows osteolysis of moth-eaten
a
2
3
A
1
2conventional imaging and computerized topography.
Clinical case
A 73-year-old woman was referred to you for conventional
radiographic imaging focusing on the proximal end of the
tibia; her attending physician has detected by palpation an
immobile lump on the tibia. Fig. 23a shows a photograph of
the patient’s legs.Questions
1) Describe the abnormalities seen on the radiograph
(Fig. 23b).
3
Figure 23. Hard lump on the deep tibia: a: photograph of patient’s le
iodinated contrast agent.ppearance and continuous periosteal reaction (arrow).
) The patient underwent a complementary CT scan
(Fig. 23c). What abnormalities can be seen?
) What is your diagnosis?
nswers
) The anteroposterior radiograph reveals continuous,
although irregular, periosteal reaction. No abnormalities
are observed in the adjacent soft tissue. No osteolysis is
detected.
) The CT scan conﬁrms the presence of signiﬁcant
periosteal reaction incorporated in the cortex. No abnor-
malities were detected in the cortical bone or cancellous
bone. Dilated veins can be observed in adjacent soft tis-
sue.) The diagnosis is periosteal reaction related to chronic
venous insufﬁciency [36] (Fig. 23).
gs; b: anteroposterior radiograph; c: CT scan without injection of
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